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© Low power, ttl level CMOS input buffer with hysteresis. 

© A circuit for use as a TTL level CMOS input buffer with hysteresis is disclosed. A first transistor (2) of a first 
conductivity type has its source connected to a first reference voltage. Second and third transistors (3,4) of 
opposite conductivity type have their source drain paths connected in series between the drain of the first 
transistor and a common potential. The gates of the first, second, and third transistors are connected to an input 
signal. An inverter (7) has its input connected to the drain of the first transistor and has an output. A fourth 
transistor (5) of the first conductivity type has its gate connected to the output, its drain connected to the series 
connection between the second and third transistors, and its source connected to a second reference voltage. 
By appropriately sizing the transistors, the low level trip point and the high level trip point of the circuit may be 
adjusted. The circuit draws lower power during standby. Logic gates may also be designed that incorporate the 
circuit. 
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LOW POWER, TTL LEVEL CMOS INPUT BUFFER WITH HYSTERESIS 



FIELD OF THE INVENTION 

The invention is related to semiconductor integrated circuits and more particularly to input buffer 
circuits of the type used in CMOS semiconductor memory devices. 

BACKGROUND OF THE INVENTION 

Dynamic random access memories (DRAMs) may be generally constructed as shown in U.S. Pat. No. 
4,081,701 (a 16 kbit (DRAM) issued to White, McAdams and Redwine and assigned to Texas Instruments, 
Inc., and in U.S. Pat No. 4.239,993 (a 64 kbit DRAM) issued to McAlexander, White and Rao and assigned 
to Texas Instruments, Inc. 

Complementary-metal-oxide (CMOS) semiconductor technology has been incorporated into the design 
of peripheral circuits for DRAMs. For example, U.S. Pat. No. 4,555,777 issued to Poteet and assigned to 
Texas Instruments, Inc. discloses DRAMS containing CMOS sense amplifiers. Among other advantages, 
CMOS technology aids in reducing the power consumed by the DRAM device. 

An important consideration in the overall design of a memory system is the standby current drawn by a 
DRAM while it is inactive, since to a large degree this parameter determines the power consumed by the 
memory system. A significant portion of the standby current drawn by the DRAM comes from its first 
inverter connected to the Row Address Strobe (RAS) input. This inverter is required to be active (ie, 
powered up) at all times in order to respond to a RAS signal that initiates a cycle and when the system 
wants to refresh the dynamically stored data. However, with a voltage supply typically of 5v and transistor- 
transistor-logic (TTL) input signal levels (where typically 0.8v is a "low" signal and 2.4v is a "high" signal), 
CMOS input buffers consume current while in standby because the TTL "high" level input is not sufficient 
to turn the top p-channel transistor of its first CMOS inverter completely off. This allows a DRAM to 
consume power while in standby through a DC current path existing through the source/drain paths of the 
p-channel and n-channei transistors of the CMOS inverter of the input buffer. 

Another important consideration in system design is the current consumed by a DRAM during initial 
power up before stable input voltage levels can be guaranteed. This problem occurs when the RAS input is 
at a level between the specified logic "low" and the specified logic "high". Between these levels, the input 
buffer may oscillate due to the RAS input fluctuating above and below the trip point of the first inverter of 
the input buffer. The trip point of the inverter is the level of voltage between the specified logic "low" and 
the specified logic "high" at which its p-channel transistor and its n-channel transistor switch. As RAS varies 
above and below this voltage level, the inverter accordingly varies as its transistors repeatedly switch on 
and off. This can cause the DRAM to go into oscillation that causes a large current drain on the external 
power supply. When this current drain is multiplied by the typically large number of memory chips located 
in a memory system, oscillation can load the system power supply and prevent it from coming up to the 
required voltage level in time. 

It is an object of this invention to provide an input buffer that reduces the standby current drawn by a 

DRAM. 

It is a further object of this invention to provide an input buffer that reduces DRAM oscillation. 
Other objects and benefits of this invention will be apparent to those skilled in the art, based upon the 
description to follow herein. 

SUMMARY OF THE INVENTION 

A circuit for use as a TTL level CMOS input buffer with hysteresis is disclosed. A first transistor of a 
first conductivity type has its source connected to a first reference voltage. Second and third transistors of 
opposite conductivity type have their source/drain paths connected in series between the drain of the first 
transistor and a common potential. The gates of the first, second, and third transistors are connected to an 
input signal. An inverter has its input connected to the drain of the first transistor and has an output. A 
fourth transistor of the first conductivity type has its gate connected to the output, its drain connecetd to the 
series connection between the second and third transistors, and its source connected to a second reference 
voltage. By appropriately sizing the transistors, the low level trip point and the high level trip point of the 
circuit may be adjusted. The circuit draws low power during standby. Logic gates may also be designed 
that incorporate the circuit 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention are set forth in the appended claims. The 
invention itself, however, as well as other features and advantages thereof, will be best understood by 
5 reference to the detailed description that follows, wherein: 

FIG. 1 is an electrical schematic diagram of the CMOS input circuit according to the invention. 

FIG. 2 is a graph illustrating hysteresis in the low level trip point and the high level trip point of the 

CMOS input circuit according to the invention. 

FIG. 3 is a timing diagram for the circuit of FIG. 1 showing signal voltages at various nodes as a function 
70 of time with Vdd at 4,0v. 

FIG. 4 is a timing diagram for the circuit of FIG. 1 showing power consumption as a function of time with 
Vdd at 6.0v. 

FIG. 5 is a timing diagram for the circuit of FIG. 1 showing slow ramp input signal transient analysis with 
temperature at 100C. 

75 FIG. 6 is a timing diagram for the circuit of FIG. 1 showing slow ramp input signal transient analysis with 
temperature at 0C. 

FIG. 7 is an electrical schematic diagram of an alternative embodiment of the invention illustrating a 
single supply source for biasing node 10. 

FIG. 8 is an electrical schematic diagram of an alternative embodiment of the invention illustrating the 
20 addition of a pull-up transistor 8 to the embodiment of FIG. 7. 

FIG. 9 is an electrical schematic diagram of an alternative embodiment of the invention illustrating the 

addition of an additional reference voltage to bias node 20 and the p-channei transistor of inverter 7. 

FIG. 10 is an electrical schematic diagram of an alternative embodiment of the invention illustrating its 

incorporation into a dual input clocked NOR logic gate. 
25 FIG. 11 is an electrical schematic diagram of an alternative embodiment of the invention illustrating its 

incorporation into a dula input clocked NOR logic gate. 

FIG. 12 is an electrical schematic diagram of an alternative embodiment of the invention illustrating its 
incorporation into a dual input clocked NAND logic gate. 

FIG. 13 is an electrical schematic diagram of an alternative embodiment of the invention illustrating its 
30 incorporation into a dual input clocked NAND logic gate. 

Corresponding numerals refer to corresponding parts in the figures unless the context otherwise 
indicates. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENT 

35 

Referring to FIG. 1, a low power, TTL level CMOS input buffer with hysteresis according to the invention 
is disclosed that receives an input signal Vin and is responsive to yield an output signal Vout. 

In FIG. 1 , a CMOS inverter 6 is formed of a p-channel transistor 2 and an n-channel transistor 3 having 
their gates connected together at a node 50 and their drains connected together at a node 20. An n-channel 

40 pull-up transistor 1 has its drain connected to a voltage supply Vdd, its gate connected to a voltage source 
Vref and its source connected to the source of p-channel transistor 2 at a node 10. The substrate of p- 
channel transistor 2 is also connected to node 10. Voltage supply Vdd is typically positive voltage such as 
+ 5v supplied by an external voltage supply source. However, Vdd may vary as is later explained. Voltage 
supply Vref is a stable steady voltage source. It may be produced by any manner that yields a stable 

45 steady voltage. One way to produce Vref, for instance, is by means of a bandgap reference generator 
located on the DRAM chip. For the operation of the circuit of FIG.1 described herein, Vref has a value of 
positive 3.3v, however, the circuit of FIG. 1 advantageously accommodates other values for Vref as is later 
explained. 

In the circuit of FIG. 1, also connected to node 50 is an input signal Vin and the gate of an n-channel 
50 pull down transistor 4. Input signal Vin functions as the input signal to the circuit shown in FIG.1 and may 
be, for example, the Row Address Strobe (RAS) signal. The source of n-channel pull down transistor 4 is 
connected to ground and its drain is connected to the source of n-channei transistor 3 of CMOS inverter 6 
at a node 30. 

In FIG. 1 , an inverter 7 with its input connected to node 20 yields the output signal Vout at node 40. 
55 Connected to node 40 is the gate of a p-channel transistor 5. P-channel transistor 5 has both its source and 
its substrate connected to node 10 and provides feedback from node 40 to node 30 where its drain is 
connected. 

The required range of Vref to insure that the circuit of FIG. 1 operates properly as a low power input 
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buffer within TTL levels (wherein typically 0. 8v is a logic "low" signal and 2.4v is a logic "high" signal) 
during standby is found from the following relationships: 
(-j) Vref - Vtn(1) > switching point of inverter 7 

s ^eX^oleste^Zd voltage of n-channel pull-up transistor 1. Vt P (2) denotes the absolute 
^ of tie threshold voltage of p-channe. transistor 2 of CMOS inverter 6. 

"hioh" level of Vin In modern CMOS integrated circuits, such as in h.gh densrty DRAMs. a typ.cal Vtn(1) s 
£St X id I a typical Vtp(2) is about' 0.8-1 .2v. Vref may range between about 3.0v and 3.8v wh,.e 
satisfying the constraints of (1 ) and (2) above for V.nh as low as 2.0v. ovamnlf > thft 

,o Vdd as supplied by an external power supply source, often varies to some degree. For examp e, the 
specimens of modem DRAMs a..ow for plus or minus 10% margin on Vdd. In add.t.on, the operation ^ 
the DRAM also generates noise on Vdd. The circuit of FIG. 1 advantageously y.e«ds outotf signal Vout 
within acceptable TTL range as Vdd varies from about 4.0v to 6.0v. As Vdd vanes, n-channel pun-up 
franLor 1 connected as a source follower, causes the voltage at node 10 to remain 

J5 Vref - Vtn( ). Stability of the input switching levels, relative to a w.de vanation ,n Vdd advantageously 
occurs from the connection of the sources and substrates of p-channel transfers 2 and 5 to node 10 that 

mai T?rougVti e addln of n-channel pull down transistor 4 and p-channe. transistor 5, oscillation is 
advantageously controlled in F.G. 1 through the addition of hysteresis. The addition of "y ste ^ is ^ anta - 
20 geously allows the input circuit of FIG. 1 to react to an expanded TTL input s.gnal range. wh.ie y.eld.ng an 

^S3?JC signal Vin and output signal Vout illustrating the addition of hysteresis in the 
input of FIG 1- Solid line a illustrates a typical CMOS inverter with a single tnp po.nt, Vtnp W.p s the 
Shi point where a typical CMOS inverter switches as Vin goes high to low or low to h,gh. Oscllation 

25 occurs fn Atypical CMOS inverter because V.n is typically not stable as Vdd fluctuates. As V,n vanes 
sS above^nd beiow Vtrip, the typica. CMOS inverter constantly switches in response thereto thus 
casu ng oscillation. In dashed line b. the high to low ievel switch point of the input of Fia 1 ™d to .the 
left of Vtrip. The circuit now switches at Vhltrip during the high to low trns.t,on of V.n rather ^ f Vfr.p_ In 
dashed line c the low to high level switch point of the input of FIG. 1 is moved to the nght of Vtnp. The 

30 cifuf now^switchesTt Vlhtrfp during the low to high transition of Vin rather than at Vtrip. Hysteresis resu te 
bv seoaratinq Vhltrip and Vlhtrip. The circuit of FIG. 1 has 2 switching points, a low level sw.teh.ng point 
and 75 ^tevefsSchTng poin^The addition of hysteresis moves the low .eve. switching , point closer tofte 
TTL "low" level of 0.8v. The addition of hysteresis moves the high level sw.tch.ng po.nt closer to the TTL 
"high" of 2.4v. Oscillation is reduced because variations of Vin are handled so that larger vanations are 

" ^r^rpSf and the high level trip point of inverter 6 of FIG. 1 is f^T^SSS 
sizing of the widths and lengths of transistors 2, 3, 4, and 5. By appropnately s.z.ng the w.dtits and lengths 
mese tiansistors are advantageously set to switch on and off at different voltage levels^ The low level tnp 
point of inverter 6 is controlled by the relative sizing of p-channel transistor 2 and n-channel trans.stors3 

40 Sd 4 T^e high level trip point of inverter 6 is controlled by the relative sizing of n-channel pull-down 
tTanslto^ f and , p-channel ^transistor 5. To a smaller degree, the relative sizing of p-channel trans.stor 2 and 
n-channel 3 of inverter 6 also play a role in controlling the high level trip po.nt. . , in 

The operation of the input circuit shown in FIG.1 has been simulated and w.ll now be descnbed m 
detaM Referring ° t° FIG. 3, a timing diagram of the circuit of F.G. 1 is illustrated with the temperature 

45 eqSng 100C Vdd equaling 4.0v, Vref equaling 3.3v. input signal V.n varying from 1.2v to 2.1v and the 
circuit elements of FIG.1 having the following values: 
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n-channel 


pull-up transistor 1 width 




30 


microns ; 






length 




0.8 


microns ; 


5 


p-channel 


transistor 2 width 




05 


microns ; 






length 


- 


0.8 


microns ; 




n-channel 


transistor 3 width 


= 


05 


microns ; 


10 




length 


- 


01.2 


microns; 


n-channel 


pull-down transistor 4 width 




05 


microns ; 






length 




01.2 


microns ; 




p-channel 


transistor 5 width 




12 


microns ; 


15 




length 




01.2 


microns ; 




inverter 


7 (p-channel transistor) width 




10 


microns ; 






— length 




0.8 


microns ; 


20 




(n-channel transistor) — --width 




30 


microns ; 






— length 




0.8 


microns . 



With the above width to length ratios, it is seen that n-channe! transistors 3 and 4 are smaller than p- 

25 channel transistors 2 and 5. The low level trip point of inverter 6 is about 1 .2v and the high level trip point of 
inverter 6 is about 2.0v. Input Signal Vin and output signal Vout, and Vn20 (the voltage at node 20) are 
illustrated in FIG. 3. Previous to time to, input signal Vin is "high", at 2.1v. P-channel transistor 2 is off and 
n-channel transistor 3 is on. N-channel pull-down transistor 4 is also on. Vn20 is pulled "low" through the 
source/drain paths of n-channel transistor 3 and n-channel pull-down transistor 4. Vn20 is complemented by 

30 inverter 7 to yield a "high" output signal Vout at node 40 of 4.0v. N-channel pull-up transistor 1 remains on 
at all times, pulling the voltage at node 10 high to a level of Vref - Vtn(1) . P-channel transistor 5 has output 
signal Vout "high" applied at its gate and is therefore off. 

In FIG. 3, at time tO, a "high" to "low" transition occurs. Input signal Vin drops "low" to a level of 1 .2v. 
The impedance of N-channel transistor 4 rises and allows P-channel transistor 2 to control node 20. P- 

35 channel transistor 2 of inverter 6 turns on, the absolute value of the voltage level on its gate now greater 
than the threshold voltage of P-channel transistor 2. The voltage at node 20 rapidly rises towards the 
voltage at node 10. Inverter 7 complements the voltage at node 20 as it rises so output signal Vout goes 
"low". P-channel transistor 5 provides feedback from node 40 to node 30. As output signal Vout goes "low", 
once the gate to source voltage of p-channel transistor 5 rises above its threshold voltage, p-channel 

40 transistor 5 turns on and allows node 30 to rise towards the voltage at node 10. As node 30 rises, transistor 
3 will turn off as input signal Vin drops below Vn20. (For n-channel transistor 3 to be on, its gate voltage 
must be a threshold voltage above its source voltage.) 

In FIG. 3, at time t1, a "low" to "high" transition occurs. Input signal Vin goes "high" to a level of 2.1 v. 
P-channel transistor 2 turns off, n-channel pull down transistor 4 turns on and pulls the voltage at node 30 

45 down. Once the voltage at node 30 becomes a threshold voltage less than input signal Vin, n-channel 
transistor 3 begins th pull the voltage at node 20 down. The voltage at node 20 is complemented by inverter 
7. As output signal Vout rises, transistor 5 turns off and n-channel pull down transistor 4 is better able to pull 
the voltages at nodes 30 and 20 low. 

FIG. 4 is a timing diagram of the input circuit of Fig. 1 illustrating the low power it consumes. Vdd is 

so now increased to 6.0v in this simulation. All other parameters have the same values as those in the example 
of FIG. 3 above explained. Voltage is shown on the solid vertical axis. Amperage is shown on the 
segmented vertical axis. By comparing FIG. 4 with FIG. 3, as explained above. Vn20 rises to the same level 
as in FIG. 3 although Vdd is substantially increased. Vout now rises to a "high" level signal of 6.0v. When 
Vout is "high", Idd is essentially 0mA. When Vout is "low", Idd is approximately -0.6mA. The power drawn 

55 by the circuit during standby is very low. 

FIG. 5 is a timing diagram for the input circuit of FIG. 1 showing scan range input signal transient 
analysis. In this simulation, input signal Vin slowly ramps upward from Ov at tO to 4v at t2. At t1, with Vin 
having a value of about 2.1v, the circuit recognizes input signal Vin as being "high". The "high" level trip 
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ooint of inverter 6 is reached, n-channel transistors 3 and 4 are on and Vn20 drops to Ov. Output signal Vou 
£ to 4 Vdd of 4.0 v. or to 6.0 v, with Vdd of 6.0v. At t2. input signal Vin beg.ns to 
sional VouY remains "high" until input signal Vin drops to the "low" level trip pomt of inverter 6 o about 
S P ^channeT transistor 6 turns on. n-channel transistors 3 and 4 turn off. and Vn20 nses. Output signal 

5 V0U m° P 6 S rating diagram for the input oirouit of FIG. 1 showing scan range input signal transient 
analysts with a temperature of 0C. By comparing FIG. 6 with FIG. 5. it is seen that the hysteresis in this 
InciSes vvhen the circuit operates at the lower temperature. The "high" level swtch pent of 

inve S= ~d^am i„ustra«ng an alternate embodiment of the ~ .herein 
FIG 1 is modified so that Vdd now supplies the gate of n-channel pull up transistor 1 in place of Vref This 
embod LnnsSv^teglus for situaSons wherein a stable reference voltage is not avaiiable. Th,s circuit 
operaSfas above described except that the voltage at node 10 is not as steady and w,l. now vary as Vdd 

, 5 f,UCt FS S 8 is an electrical schematic diagram illustrating an alternative embodiment of the ^e"ton where^ 
FIG 7 is modified by the addition of a p-channel pull-up transistor 8. P-channel pull-up transistor 8 has i s 
aate connected to node 40 and its source/drain path connected between node 20 and Vdd. In this 
embodS -channel pull-up transistor 8 is a nanow width/long channel (small) transistor so tha its 
^oprfrrL Lae when^t s on (P-channel pull-up transistor 8 is on when output signa. Vout drops " tow" 

20 conespondi g totnput signa?^ dropping "L".> P-channe. pu.l-up transistor 8 provides feedback from 
0^ 40 to node 20 Lt helps turn the p-channel transistor, not shown, of inverter 7 off by pulling the 
Sage at noTL to £5. Z helps bring" Idd of FIG. 4 closer to zero between times to and t1 when ,nput 

Si ^Ssln W e".ectrica. schematic diagram illustrating an alternative embodiment of the >«^n«M 
25 FuTl modified by the addition of a p-channe. pull-up transistor 8 and a second reference vo tage Vref2 
fn this embodiment" the source and substrate of p-channe. ZSST^L retenct 

transistor 2 are not connected to node 10. rather, they are connected to Vref2 V ^^^¥™^ 
n voltaqe source It may be generated, for instance^ a bandgap generator arcurt located on *e DRAM 
Q J^vTeffS th s examptehas a value of 4.0vQr*1>s a value of 3.3v as earher 

i. IZZZto* a has its oate connected to node 40and its source/drain path connected between Vref2 
30 ZZSTZ%T S Ze 9 Z^^or 8 is a.so connected to Vref2. This embodiment wii, also 

^IhelTo^^^ - situatans where stable reference voltage 

sources arTavXbte As illustrated in FIG. 4. between time tO and t1. when input signal Vin .s ow the 
35 SRG TSws Ll amount of Idd. This occurs because the voltage at node 20 is not quite large 
enough to completely turn off the p-channel transistor, not shown, of inverter 7. VrsL^Ju£Pi^seno^_ 
voSage to turn L p^hanne. transistor, not shown, of inverter 7 off during the time when input signa. V,n ,s 
low This brings Idd closer to zero and further reduces the power drawn by the circuit. 

The invention may be used in the design of logic gates. FIG. 10 is an electneal schemata of a dual 
inpul ctocki NOP Tgate. The embodiment disclosed in F.G. 1 is modified as follows: The source of p- 
channe VwJor 5 is disconnected from node 10 and is connected to Vdd. A p-channe. pull-up *a nsistor 8 
is added having its gate connected to node 40 and its source/drain path connected between Vdd and node 
20 pitaZ'trarJstors 9a and 9c. connected in series, are added having th^ ""J^J" 
connected between Vdd and the drain of n-channel transistor 1. N-channel transfers 9b and 9d are 
connect inTi. between node 20 and ground. Input signal CMOS1 is connected to the , gate jc*, P_ 
cnanne transiSor 9c and n-channel transistor 9d. Input signal CMOS2 is connected to the gate of p-channe 
trSo Ta Ind n-channe. transistor 9b. The circuit operates as a NOR logic • 9* 

signal V.n. Output signal Vout is responsive to input signal Vin when both mput signals CMOS1 and CMOS2 

^ m 11 is an electrical schematic diagram of a dual input clocked NOR gate also. 
as foHows- N-channel pull-up transistor 1 now has its drain connected to Vdd and p-channel transistors 9a 
and! connected in series now have their source/drain paths connected beween the source of n-channel 
pulup iZsSor 1 and the series source/drain path of p-channel transistor 2 and n-channel transfer 3. 
L 5e ^ rrklli t urates as a NOR loqic gate that is clocked by input signal Vin. 

FIG 12 ^ an etectocel schematjc diagram of a dual input clocked NAND gat 
disclosed in FIG. 1 is modified as follows: The source of p-channel transistor 5 is disconnected from node 
to and is connected to Vdd. A p-channel pull-up transistor 8 is added having its gate connected to node 40 
and its ouSdrain path connected between Vdd and node 20. P-channe.transistor 9a receives mput signal 
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CMOS2 on its gate. P-channel transistor 9c receives input signal CMOS1 on its gate. P-channel transistors 
9a and 9c are connected in parallel between Vdd and node 20. N-channel transistor 9d receives input signal 
CMOS1 on its gate. N-channel transistor 9b receives input signal CMOS2 on its gate. N-channel transistors 
9d and 9b are connected in series between ths source of n-channel transistor 4 and ground. The circuit 
s functions as a NAND gate. Output signal Vout is responsive to input signal Vin when input signals CMOS1 
and CMOS2 are high. 

FIG. 13 is also an electrical schematic diagram of a dual input clocked NAND gate. The embodiment 
disclosed in FIG. 1 is modified as follows: The source of p-channel transistor 5 is disconnected from node 
10 and is connected to Vdd. A p-channel pull-up transistor 8 is added having its gate connected to node 40 

to and its source/drain path connected between Vdd and node 20. P-channel transistor 9a receives input signal 
CMOS2 on its gate. P-channel transistor 9c receives input signal CMOS1 on its gate. P-channel transistors 
9a and 9c are connected in parallel between Vdd and node 20. N-channel transistor 9d receives input signal 
CMOS1 on its gate. N-channel transistor 9b receives input signal CMOS2 on its gate. N-channel transistors 
9b and 9d are connected in series between the series connection of p-channel transistor 2 and n-channel 

75 transistor 3. The circuit functions as a NAND gate. Output signal Vout is responsive to input signal Vin when 
input signals CMOS1 and CMOS2 are high. 

While this invention has been described with reference to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various other embodiments of the invention will be 
apparent to persons skilled in the art upon reference to this description. It is therefore contemplated that the 

20 appended claims will cover any such modification or embodiments as fall within the true scope of the 
invention. 

Claims 

25 1. An input circuit comprising: 

A first transistor of a first conductivity type having its source connected to a first reference voltage, its 
gate connected to an input signal, and having a drain; 

30 second and third transistors of an opposite conductivity type having their source/drain paths connected 

in series between the drain of said first transistor and a common potential, and having their gates 
connected to the input signal; 

an inverter having its input connected to the drain of said first transistor, and having an output; and 

35 

a fourth transistor of said first conductivity type having its gate connected to the output, its drain 
connected to the series connection between said second and third transistors, and having its source 
connected to a second reference voltage. 

40 2. The circuit of claim 1 further comprising: 

a first pull-up transistor of the opposite conductivity type having its drain connected to a voltage supply, 
its gate connected to a voltage reference generator circuit and its source connected to the source of 
the first transistor. 

45 

3. The circuit of claim 2 further comprising: 

a second pull-up transistor of the first conductivity type having its source connected to the voltage 
supply, its drain connected to the input of the inverter, and its gate connected to the output. 

50 

4. The circuit of claim 3 further comprising: 

logic circuitry having a logic input and coupled to the input of the inverter in such a manner that the 
inverter is also responsive to the state of the logic input of the logic circuitry. 

55 

5. The circuit of claim 4 wherein said logic circuitry comprises: 

a first logic transistor of the first conductivity type having its gate connected to the logic input, and its 
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source/drain path connected in series between the voltage supply and the input of the inverter, and 

a second loqic transistor of the second conductivity type having its gate connected to the logic input 
LdTsoSdrain path connected in series between the drain of the first transistor and the common 
s potential. 

6. The circuit of claim 3 wherein said logic circuitry comprises: 

a first logic transistor of the first conductivity type having its gate connected to the logic input and its 
,o souriSdn Path connected in series between the voltage supply and the drain of the first pull-up 
transistor; and 

a second logic transistor of the second conductivity type having its gate connected to the _ logic input 
and its source/drain path connected in series between the input of the .nventer and the common 
is potential. 

7. The circuit of claim 3 wherein said logic circuitry comprises: 

a first logic transistor of the first conductivity type having its gate connected to the logic input and its 
source/d?ain path connected in series between the source of the first pull-up transfer and the source 
of the first transistor; and 

a second logic transistor of the second conductivity type having its gate connected to the Jogic input. 
andTs source/drain path connected in series between the input of the .nverter and the common 
25 potential. 

8. An input circuit comprising: 

a pull-up transistor having its source/drain path connected in series between a ^^^^ 
and an intermediate output node, and having its gate connected to an input signal, rts source/dram path 
being conductive responsive to the input signal being at a first logic state; 

a first and second pull-down transistors having their ^ rce/drain P at ^^ 

intermediate output node and a common potential, and having their gates connected to fee ^*"0«"- 
tSt source/drain path being conductive responsive to the input signal being at a second logic state, 

an inverter having its input connected to the intermediate output node, to produce and output signal; 
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a feedback transistor having its gate connected to the output signal, and * «J^V PjJ 
connected in series between a second reference voltage and the series connection tottmen *e first 
and second pull-down transistors, its source/drain path being conductive responsive to the logic state of 
the output signal. 

The circuit according to claim 8 wherein the relative sizes of the pull-up transistor, and the first and 
J2^SSSS.-*r. cause the output signal to begin the change from the second logic state , to 
a first logic state responsive to the input signal crossing a first voltage in changing from the second 
logic state to the first logic state. 

The circuit according to claim 8 wherein the relative sizes of the second pull-down transistor and the 
JS^S^SS cause the output signal to begin to change form a first logic state to a second^ 
state responsive to the input signal crossing a second voltage in changing from the first log.c state to 
the second logic state. 

The circuit according to claim 9 wherein the relative sizes of the second pull-down transistor and the 
££££££ Lse the output signal to begin to change from a first logic state to a jjcondto^ 
state responsive to the input signal crossing a second voltage in changing from the first logic state to 
the second logic state. 
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12. The circuit of claim 8 further comprising: 

a second pull-up transistor having its source/drain path connected in series between a voltage supply 
and source/drain path of the pull-up transistor , and having its gate connected to a voltage reference 
5 generator circuit, its source/drain path being always conductive. 

13. The circuit of claim 12 further comprising: 

a third pull-up transistor having its source/drain path connected between the voltage supply and the 
10 input of the inverter, and having its gate connected to the output. 

14. A CMOS input buffer comprising: 

a pull-up transistor having its source/drain path connected in series between a voltage supply and a 
75 first reference voltage, and having its gate connected to a reference voltage generator circuit; 

a CMOS inverter having the source/drain paths of its p-channel transistor and its n-channel transistor 
connected in series between the first reference voltage and a node, and having the gates of its p- 
channel transistor and its n-channel transistor connected to the input signal; 

20 

a pull-down transistor having its source/drain path connected in series between a common potential and 
the node; 

an inverter having its input connected to the source/drain path of the CMOS inverter, and having an 
25 output; 

a feedback transistor having its gate connected to the output, and its source/drain path connected in 
series between a second reference voltage and the node; and 

30 15. The CMOS input buffer of claim 14 further comprising: 

a second pull-up transistor having its source/drain path connected in series between the voltage supply 
and the input of the inverter and having its gate connected to the output. 

35 16. The circuit of any preceding claim, wherein the first reference voltage and the second reference voltage 
are the same. 

17. The circuit of any of claims 1-15, wherein the second reference voltage is higher than the first 
reference voltage. 
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0 Low power, ttl level CMOS input buffer with hysteresis. 



@ A circuit for use as a TTL level CMOS input 
buffer with hysteresis is disclosed. A first transistor 
(2) of a first conductivity type has its source con- 
nected to a first reference voltage. Second and third 
transistors (3,4) of opposite conductivity type have 
their source drain paths connected in series between 
the drain of the first transistor and a common poten- 
tial. The gates of the first, second, and third transis- 
tors are connected to an input signal. An inverter (7) 
has its input connected to the drain of the first 
transistor and has an output. A fourth transistor (5) of 
the first conductivity type has its gate connected to 
the output, its drain connected to the series connec- 
tion between the second and third transistors, and its 
source connected to a second reference voltage. By 
appropriately sizing the transistors, the low level trip 
point and the high level trip point of the circuit may 
be adjusted. The circuit draws lower power during 
standby. Logic gates may also be designed that 
incorporate the circuit. 
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